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200

IDENTIFY A MASTER PRESENTER AMONG A PLURALITY OF
ENDPOINTS PARTICIPATING IN AN ONLINE CONFERENCE
SESSION

220
DETERMINE ONE OR MORE ASSISTANT PRESENTERS

AMONG THE PLURALITY OF ENDPQINTS

230

GENERATE A MASTER USER INTERFACE

240

RECEIVE, VIA THE USER INTERFACE, COMMANDS FROM
THE MASTER PRESENTER TO DESIGNATE A LAYOUT THAT
AGGREGATES SHARED CONTENT FROM ONE OR MORE

OF THE ASSISTANT PRESENTERS IN A MANNER THAT IS
VIEWABLE AT THE PLURALITY OF ENDPOINTS

FlG.2
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300
30
GENERATE A LAYOUT BASED ON COMMANDS
RECEIVED FROM THE MASTER USER INTERFACE
30
ARRANGE THE SHARED CONTENT IN THE LAYOUT
330

TRANSMIT THE SHARED CONTENT IN THE LAYOUT TO THE USER
INTERFACE OF EACH OF THE ENDPOINTS OF NONPRESENTING

PARTICIPANTS AMONG THE PLURALITY OF PARTICIPANTS

FIG.3
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CONTROLLING AGGREGATION OF
SHARED CONTENT FROM MULTIPLE
ENDPOINTS DURING AN ONLINE
CONFKFERENCE SESSION

TECHNICAL FIELD

The present disclosure relates to collaboration systems
and, more particularly, to online conference systems.

BACKGROUND

Online conference systems, sometimes referred to as
video conference, web conference, teleconferencing, telep-
resence, or more generally collaboration systems, allow
persons or groups of people at different locations to com-
municate by at least simultaneous two-way content and
audio transmissions during meetings. For example, online
conference systems may allow participants 1n a session (e.g.,
a meeting) to converse audibly while sharing desktops,
presentations, and/or other such content or materials during
the session. In some instances, online conference systems
may also allow two-way video transmissions.

In some online conference sessions, participants may
want to share content from multiple endpoints (e.g., devices)
simultaneously. For example, 11 two participants in an online
conference session are attempting to demonstrate a new
file-sharing product, a first participant may act as a file
sender and a second participant may act as a file receiver. In
order to provide an accurate description of the file sharing
process, the content shown on the device of the first par-
ticipant (the file sender) and the content shown on the device
of the second participant (the file receiver) should be simul-
taneously shared with any other participants from the online
conference session.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

FIG. 1 1s a block diagram of an online conference
environment 1n which shared content aggregation processes
may be controlled, according to an example embodiment.

FIG. 2 1s a high-level flowchart 1llustrating a process for
controlling, at a server application, aggregation of shared
content from multiple participants of an online conference
session, according to an example embodiment.

FIG. 3 1s a flowchart illustrating a process for generating,
and transmitting a layout with aggregated shared content
from multiple participants of an online conference session,
according to an example embodiment.

FIG. 4 1s a diagram depicting an example master user
interface for a master presenter of an online conference
session, according to an example embodiment.

FIG. 5A and FIG. 5B are diagrams depicting example user
interfaces for participants of an online coniference session 1n
which content 1s being shared from multiple endpoints,
according to example embodiments.

FIG. 6 1s a sequence diagram, depicting operations asso-
ciated with controlling, at a server application, aggregation
of shared content from multiple participants of an online
conference session, according to an example embodiment.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Overview

Techniques are provided herein for controlling aggrega-
tion of content shared from multiple endpoints (e.g., by
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2

multiple presenters) during an online conference session.
These techniques may be embodied as a method, an appa-
ratus, a system, and instructions i a computer-readable
storage media to perform the method.

According to at least one example embodiment, tech-
niques are provided for controlling aggregation of shared
content from multiple endpoints during an online conference
session. At a server having network connectivity, a master
presenter 1s 1dentified at an endpoint among a plurality of
endpoints participating in an online conference session 1n
which at least one of the plurality of endpoints i1s sharing
content with other participants among the plurality of par-
ticipants at their respective endpoints. One or more assistant
presenters are determined among the plurality of participants
at their respective endpoints. A master user interface 1is
generated to serve as the user interface on the endpoint of the
master presenter and a command 1s recerved, via the master
user interface, to designate a layout. The layout aggregates
shared content from the endpoints of one or more of the
assistant presenters to make the layout viewable at the
plurality of endpoints.

Example Embodiments

Presented herein are techniques for controlling aggrega-
tion of shared content from multiple endpoints during online
conference session. Generally, these techniques allow mul-
tiple participants in an online conference session to simul-
taneously present content from their respective endpoints
(e.g., multiple desktops may be shared at once). Conse-
quently, participants i1n the online conference session may
view a combination of content from multiple endpoints,
such as one or more remote desktops and/or remote appli-
cations. However, as the amount of devices sharing content
increases, 1t may become increasingly difficult to organize
the shared content. Consequently, the techniques presented
herein also 1dentily a master presenter among the endpoints
participating in the online conference session and provide
the endpoint 1dentified as the master presenter with a master
user 1nterface. The master user interface enables the master
presenter to easily and efliciently provide commands to a
server managing the layout of shared content, such that the
endpoint 1dentified as the master presenter essentially acts as
the coordinator of an online conference session. For
example, the master user iterface may provide controls that
produce commands regarding the shape, size, orientation,
location, etc. of any number of shared screens from any
number of presenters. Moreover, the master user interface
may provide controls that send commands to the server
indicating which participants are allowed to share content
over various durations/time portions of the online confer-
ence session (e.g., at the current moment or over the duration
of the online conference session).

Although some techniques currently exist for sharing
content from multiple devices, many of these techniques fail
to provide simple and eflicient organizational structures. For
example, some techniques allow devices to share content on
demand and simply divide the shared content into quadrants
or sections based on the number of endpoints currently
sharing content. These techniques do not provide a way to
resize, reshape, relocate, or remove content to emphasize,
organize, or otherwise manipulate share content. Conse-
quently, shared content may be unorganized and difficult to
see. Moreover, some techniques provide no control over
which devices may share content. By comparison, the tech-
niques presented herein are more tlexible and secure.
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Additionally, some current techniques for aggregating
content from multiple devices are executed on a specific
device. Thus, if a presenter’s device 1s a tablet, phone, or
some other device/endpoint with limited computing power,
the aggregation may experience a bottleneck, causing errors
in the conference session. Additionally or alternatively,
some current techmiques allow participants 1 an online
conference session to simultaneously view content shared by
multiple devices by transmitting content from each present-
ing device 1n a separate data stream. For example, if N
participants share their desktop simultaneously, the N desk-
tops are transmitted in N separate streams, not 1n a single
stream. Although multiple data streams may allow each
participant that 1s viewing the aggregated shared content to
individually adjust the layout of the shared content, this type
ol transmission results 1n lower efliciency of data transmis-
sion and local rendering compared to a single data stream
transmission. As 1s described 1n further detail below, the
techniques presented herein aggregate or combine content
from multiple devices at a server and the aggregated content
1s transmit (e.g., broadcast) to any viewing participants 1n a
single data stream, thereby providing a simpler, more efli-
cient topology architecture.

Reference 1s first made to FIG. 1, which illustrates a
computing environment 100 for controlling aggregation of
shared content from multiple endpoints during an online
conference session. In the computing environment 100, an
online conference server 102 communicates, via the Internet
110, with a plurality of endpoints 120 (which may also be
referred to as computing devices). For simplicity, the plu-
rality of endpoints 120 are 1llustrated as including a master
presenter endpoint 140, a non-presenting endpoint 145, and
an assistant presenter endpoint 150 1n FIG. 1. However, 1n
other embodiments, the plurality of endpoints 120 may
include any number of endpoints/computing devices. The
server 102 1s also referred to herein as a meeting server.

The online conference server 102 includes a processor
104, a network interface unit 106, and a memory 108. The
processor 104 1s configured to execute instructions stored on
memory 108 and the network interface unit 106 enables
connectivity to the Internet 110. The online conference
server 102 also includes a server application 160 that may
reside on memory 108 and serves conference session sup-
port for online conference client applications 170 (also
referred to herein as client applications 170, for simplicity)
that may be installed on the plurality of endpoints 120 (1.¢.,
downloaded via the Internet 110). Generally, the server
application 160 1s configured to direct online conference
traflic flows between any online conference client applica-
tions 170 participating 1 an online conference session
(1llustrated 1n solid lines). Thus, once an online conference
session 1s mnitiated, each client application 170 1s operatively
connected to the server application 160 such that any client
applications 170 connected to the session are 1n communi-
cation with each other 1n an online conference session via
the server application 160. The session may be established
using any suitable protocols now known or heremafter
developed.

The server application 160 may include an aggregation
module 162, a session participant list 164, and a master user
interface 166. The aggregation module 162 is configured to
receive and aggregate content shared by two or more of the
plurality of endpoints 120. For example, the aggregation
module 162 may organize shared content 1n accordance with
commands received from the master user interface 166 once
the master user interface 166 i1s provided to a master
presenter, as 1s described 1n more detail below. Moreover,
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4

the aggregation module 162 1s configured to transmit aggre-
gated content to any endpoints participating in the online
conference session 1n a single data stream. Notably, aggre-
gating shared content at the server 102 and transmitting the
shared content from the server 102 in a single data stream
may substantially reduce computing bottlenecks that may
aris¢ when multiple streams are recerved and/or managed at
a single endpoint. The session participant list 164 maintains
a list of participants in a particular online conference ses-
sion, such as by querying data objects that associate end-
points with specific participants.

Each of the plurality of endpoints 120 (e.g., the master
presenter endpoint 140, the non-presenting endpoint 145,
and the assistant presenter endpoint 150) includes a proces-
sor 152 configured to execute instructions stored in a
memory 156 and a network interface unit 154 that provides
connectivity to the Internet 110. For example, the processor
152 may be configured to execute mnstructions to mnstall the
client application 170, which may include a client user
interface 172. The client user interface 172 may provide an
interface for a participant (presenting or non-presenting) to
view other participants participating in online conference
session, as well as any content being shared or displayed
during the online conference session. However, as depicted
in the example embodiment of FIG. 1, once a master
presenter 1s 1dentified, the user interface 172 may be
replaced, supplemented, augmented, modified, or otherwise
updated to be a master user interface 174. Moreover, 1n some
embodiments, the user mterface 172 of non-presenting end-
points may differ from the user interface of assistant pre-
senters. The specific interfaces provided to the various
designated roles are described 1n further detail below.

Still referring to FI1G. 1, each of the plurality of computing
endpoints 120 may be any computing device/endpoint com-
patible to support the online conference client application
170. For example, endpoint 140 may be a tablet computer
and endpoint 150 may be a smartphone, desktop, virtual
machine, or any other device, provided that each of the
plurality of endpoints includes or 1s associated with a
processor 152 configured to support the online conference
client application 170 and network equipment 154 config-
ured to provide connect the device to the Internet 110,
respectively. Additionally or alternatively, one or more of
the endpoints may be embodied entirely as one or more
soltware applications running on a computing device, such
as 1n a cloud or data center environment. Thus, an endpoint
may be a physical device or a software process.

Additionally, although each module described herein,
such as the aggregation module 162, 1s shown stored 1n
memory, such as memory 108, each module described
herein may be implemented on hardware, or a combination
of hardware and software. For example, each module may
include and/or 1mitiate execution of an application specific
integrated circuit (ASIC), a Field Programmable Gate Array
(FPGA), a circuit, a digital logic circuit, an analog circuit, a
combination of discrete circuits, gates, or any other type of
hardware, or combination thereof. Accordingly, as used
herein, execution of a module by a processor can also refer
to logic based-processing by the module that 1s initiated
directly or indirectly by the processor to complete a process
or obtain a result. Additionally or alternatively, each module
can include memory hardware, such as at least a portion of
a memory, for example, that includes mstructions executable
with a processor to implement one or more of the features of
the module. When any one of the modules includes nstruc-
tions stored 1n memory and executable with the processor,
the module may or may not include a processor. In some
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examples, each module may include only memory storing
instructions executable with the processor to implement the
features of the corresponding module without the module
including any other hardware.

Moreover, memory 108 and/or memory 156 may also be
configured to store any messages, generated alerts, informa-
tion related to alerts, user lists, instructions related to detect-
ing a presenter, mstructions related to detecting a content
capture event, or any other data. Generally, memory 108
and/or memory 156 may include read only memory (ROM),
random access memory (RAM), magnetic disk storage
media devices, optical storage media devices, tlash memory
devices, electrical, optical or other physical/tangible (e.g.,
non-transitory) memory storage devices. Thus, in general,
the memory 108 and/or memory 156 may be or include one
or more tangible (non-transitory) computer readable storage
media (e.g., a memory device) encoded with software com-
prising computer executable instructions. For example,
memory 108 and/or memory 156 may store 1nstructions that
may be executed by processor 104 or processor 152, respec-
tively, for performing the content capture process detection
and reporting as described below with reference to the
figures. In other words, memory 108 and/or memory 156
may include 1nstructions, that when executed by one or more
processors, cause the one or more processors to carry out the
operations described below 1n connection with the figures.

Reference 1s now made to FIG. 2 (with continued refer-
ence to FIG. 1) for a high-level description of a method 200
for aggregating shared content from multiple endpoints
during an online conference session, such as performed by
execution of the software mstructions included 1n the aggre-
gation module 162. At step 210, a master presenter 1s
identified among a plurality of endpoints participating 1n an
online conference session. The online conference session
may include two or more participants participating from two
or more endpoints and, in some embodiments, upon estab-
lishing the online conference session, the server application
160 may automatically designate or assign one client appli-
cation 170 as the master presenter. For example, the client
application 170 “hosting” the session may be designated as
the master presenter, at least mitially. However, in other
embodiments, the master presenter may be i1dentified in any
mannet.

In some embodiments, the server application 160 may
ecnable the endpoint 1dentified or designated as the master
presenter to share content that 1s accessible from his/her
endpoint and/or currently displayed on the display of their
endpoint. However, in other embodiments, the server appli-
cation 160 may disable the endpoint designated as the
master presenter from sharing content, such that the master
presenter 1s essentially a coordinator of shared content from
other participants (assistant presenters) in the online confer-
ence session. The master presenter may always be enabled
to share audio during the online conference session and,
thus, can talk during the session to describe the content
being shared (e.g., the arrangement of shared content).

Moreover, 1n some embodiments, the participants may
choose to change the master presenter (e.g., “pass the ball”)
during the online conference session so that diflerent par-
ticipants may control the aggregation of shared content
during different portions of the online conference session. In
some embodiments, the current master presenter may select
another participant to become the master participant. Addi-
tionally or alternatively, a participant could request to
become the master presenter.

In some embodiments, the server application 160 may
maintain a list of master presenter priority or designate one
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6

or more back up master presenters and may automatically
shift the role of master presenter if needed. For example, 11
the current master presenter loses connectivity or exits the
online conference session, the server application 160 may
automatically identily a new master presenter and shiit the
role accordingly. If the master presenter changes during an
online conference session, the process may be automatic and
continuous, such that no breaks or gaps are perceptible 1n the
online conference session. Moreover, 1f the master presenter
changes without the current master presenter endpoint exit-
ing the online conference session, the previous master
presenter endpoint may simply become an assistant pre-
senter (described 1n more detail below) or a viewer/attendee
of the online conference session. In embodiments where the
master presenter 1s prevented from sharing content (perhaps
to simplity the master presenter experience), the master
presenter must become an assistant presenter 1 order to
share content during the online conference. In these embodi-
ments, the master presenter plays the role of director or
coordinator, directing/coordinating how the assistant pre-
senters collaborate and explaining the scenario to all meet-
ing attendees. Regardless of the ability of the master pre-
senter to share content, 1n most embodiments, there will be
no more than one master presenter i an online meeting
(although there may be any number of assistant presenters
sharing content).

At step 220, one or more assistant presenters are deter-
mined or identified. Each of the assistant presenters may
share content that 1s accessible from their computing devices
and/or currently displayed on the display of their computing
devices. The master presenter may organize or control a
layout in which the shared content from any number of
assistant presenters 1s displayed, as 1s described in further
detaill below. In some embodiments, an endpoint may
request to be an assistant presenter by sending a command
to the server application, perhaps 1n response to a participant
actuating a button or control included in that endpoint’s user
interface. Additionally or alternatively, a master presenter
may select an endpoint to serve as an assistant presenter,
which may cause the server to identily that endpoint as an
assistant presenter. Moreover, in some embodiments, a mas-
ter presenter may control which endpoints are currently
designated as assistant presenters and may accept or decline
requests to become an assistant presenter, remove an assis-
tant presenter designation, or otherwise send commands to
the server to allow the server to determine the assistant
presenters.

Notably, 1n at least some embodiments, an assistant
presenter does not view the content shared by other partici-
pants. Instead, the assistant presenter shares his/her desktop
or application to the server, which aggregates this content
with any other content to be shared (and viewed by viewers/
attendees) based on commands received from the master
user interface. Moreover, an assistant presenter may not
have control over whether the content he/she intends to
share 1s actually shared, as discretion over which content 1s
shared may rest with the server and master presenter. If an
assistant presenter 1s currently sharing content, the assistant
presenter may be referred to as an active assistant presenter.
If an assistant presenter 1s not currently sharing content, the
assistant presenter may be referred to as a passive or standby
assistant presenter.

As mentioned with regards to the master presenter, roles
(e.g., master presenter and assistant presenter) may shift
during an online conference session. Thus, an endpoint
determined to be an assistant presenter at one portion of an
online conference session may not be determined to be an
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assistant presenter during another portion of the online
conference session. For example, a master presenter may
switch roles with an assistant presenter at any point. When
an endpoint in an online conierence session 1s not acting as
a master presenter or an assistant presenter, the endpoint
may be referred to as a non-presenting endpoint, a viewer, or
an attendee.

At step 230, a master user interface 1s generated and
provided to the identified master presenter. The master user
interface provides controls that allow the master presenter to
move, scale, rotate, crop, close, and/or otherwise manipulate
content being shared 1n the online conference session. As an
example, 1n some embodiments, the master user interface
may provide the shared content from each presenting end-
point (including one or more assistant presenters and/or a
master presenter) in 1ts own manipulable window or sub-
screen. Then, the participant associated with the master
presenter endpoint may resize, move, or close the windows
in the same manner that programs may be moved or manipu-
lated on conventional computers and any of these move-
ments may generate commands that 1nstruct the server how
to adjust the layout of shared content. Additionally or
alternatively, the master user interface may include clickable
templates (e.g., four equal sized windows), manipulation
tools (e.g., a movement tool, rotation tool, and sizing tool),
or any other controls for manipulation. Still further, the
master user interface may also include a participant list that
provides controls which allow the master presenter to des-
1gnate or remove certain participants as assistant presenters,
designate assistant presenters as active or passive, or simply
view the participants currently involved 1n the online con-
ference session. For example, each participant in the online
conference session may be listed 1n a list of participants
together with a checkbox that can be toggled to designate
users as assistant presenters and/or active assistant present-
ers.

In some embodiments, the master user mterface may also
allow the master presenter endpoint to directly operate on
assistant presenter endpoints. For example, the participant
associated with the master presenter endpoint could select a
certain window associated with a particular endpoint from
within the master user interface and scroll, drag-and-drop
text, or otherwise manipulate the content being shared from
that particular assistant presenter endpoint. In some embodi-
ments, this functionality may also enable the master pre-
senter to communicate privately with the assistant presenter
(e.g., through instant messaging) during the online confer-
ence session. In some embodiments, the master user inter-
face may only allow the participant associated with the
master presenter endpoint to directly operate the endpoints
associated with an assistant presenter when the window or
sub-screen for that assistant presenter satisfies size require-
ments or thresholds. An example embodiment of a master
presenter remotely operating an assistant presenter’s end-
point 1s described 1n further detail below with respect to FIG.
6.

At step 240, commands generated at the master user
interface are received at the server application. The com-
mands may designate a layout to aggregate content from one
or more of the assistant presenters 1 a manner that is
viewable at the plurality of endpoints participating 1n the
online conference session. For example, the layout may
arrange slides from one assistant presenter on half of the
screen and provide images from two other assistant present-
ers on the other half of the screen (a quarter of a screen for
cach 1mage). In some embodiments, the layout may also
aggregate content shared by the master presenter together
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with content shared by any number of assistant presenters.
Generally, the layout 1s a virtual butler stored 1n the server
102. The bufler may be automatically, adaptively updated as
shared content 1s added or removed from the sharing layout
and may also be manually updated as commands are
received from the master user interface. The buller 1s trans-
mitted to any viewing endpoints and the master presenter
endpoints as it 1s updated. A more detailed explanation of the
aggregation process 1s provided below with respect to FIG.
3.

Reference 1s now made to FIG. 3 (with continued refer-
ence to FI1G. 1 and FIG. 2) for a description of a method 300
for aggregating shared content from multiple endpoints
during an online conference session, such as performed by
execution of software instructions included 1n the aggrega-
tion module 162. At step 310, a layout for shared content 1s
generated and/or updated based on the commands generated
at the master user interface. As mentioned, the layout 1s a
virtual bufler stored in the server 102 that can be automati-
cally, adaptively updated and/or manually updated. For
example, 11 the master user interface generates commands to
provide a layout with three equally-sized windows, the
layout 1s updated accordingly. Additionally or alternatively,
as additional endpoints are added to the layout, the layout
may automatically update to a layout that was previously
used for the specific endpoints currently sharing or the
specific number of endpoints currently sharing. Similarly, as
the number of endpoints sharing content 1s reduced, the
layout may be adaptively, automatically adjusted. In some
embodiments, the automatic adjustments may adjust the
shared content so that each endpoint’s shared content 1s as
large as possible (“largest-possible™). However, the adaptive
nature of the automatic adjustments may also allow for
learning that moves away from the “largest-possible™ adjust-
ments over time.

At step 320, shared content 1s arranged into the layout.
The commands received from the master user interface may
specily which content is to be placed into which window or
sub-screen. Additionally or alternatively, shared content
may be automatically removed 1f a presenter leaves or 1s
disconnected from the online conference session. At step
330, content from multiple endpoints 1s transmitted, in the
layout, to any participants viewing the online conference
sessions (e.g., participants that are not presenting) 1n a single
data stream. The data stream including the shared content
arranged 1n the layout may also be transmitted to the master
user interface of the master presenter to provide the master
presenter with an up-to-date and manipulable view of the
current layout and shared content. Consequently, any com-
mands generated at the master user interface may cause the
layout to be updated in real-time (at steps 310, 320, and
330). Notably, since transmitting imnvolves sharing a virtual
bufler stored 1n meeting server, the resolution of the shared
content does not depend on the computing characteristics of
the specific master presenter endpoints. Moreover, when the
master presenter role 1s shifted between participants, joint
sharing resolution does not change. If desired, shared con-
tent from multiple participants could be scaled to fit width,
fit screen, or 1n the center 1n local meeting client, but such
a selection would have no impact on the builer stored 1n the
server 102.

Now referring to FIG. 4 for a description of a diagram 400
illustrating automatic and manual layout changes from the
perspective ol the master presenter. In other words, the
diagram 400 depicts different screen shots of the master user
interface during an online conference session. Initially, at
403, the master presenter 1s 1dentified and a blank screen 1s
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provided. Then, as assistant presenters join the online con-
ference session (or are otherwise 1dentified or determined) at
410, 415, and 420, the layout may be automatically updated
in an adaptive manner to accommodate content from the
devices/endpoints of each of these assistant presenters. More
specifically, at 410 Phone 1 (e.g., a SmartPhone) 1s deter-
mined to be an assistant presenter and the content displayed
on the phone 1s shared at a central location on the master user
interface (and, thus, seen by viewers 1n the same manner).
Then, at step 420, a second endpoint, Phone 2, 1s determined
to be an assistant presenter and the master user interface 1s
automatically updated to accommodate the content from
both devices. At 420, a third endpoint, Tablet 1, 1s deter-
mined to be an assistant presenter and the master user
interface 1s again automatically updated by moving and
scaling the content from Phone 1 and Phone 2 to accom-
modate the content from Tablet 1. Notably, at 420, the
content from Phone 1 and Phone 2 1s moved and scaled 1n
order to provide contrast between content shared from a
phone and content shared from a tablet. In some embodi-
ments, predetermined settings may, at least mitially, auto-
matically adjust the size of shared content to provide con-
trast based on the size of an endpoint’s display; however, in
other embodiments, shared content may be automatically
moved, scaled, or otherwise manipulated 1n any manner as
additional content 1s added to the layout of shared content
(e.g., as additional endpoints share content simultaneously).

At 425, the layout 1s manually modified to adjust the size,
orientation, and location of the shared content: Phone 1 1s
rotated ninety degrees and moved to the top right corner;
Tablet 1 15 scaled smaller and moved to the bottom right
corner; and Phone 2 1s scaled larger and moved to the left
side of the layout. As mentioned, these manipulations may
be performed with any desirable controls or techniques.
Regardless, when commands are recerved from the master
user interface, the server may update, modily, or generate a
layout accordingly. As the online conference session con-
tinues, the layout may be updated automatically and/or
manually. For example, at 430 shared content from Tablet 1
1s removed from the layout and the content from Phone 1 1s
moved ito a centered position on the right side. In some
embodiments, the content from Tablet 1 may be automati-
cally removed 11 Tablet 1 1s determined to no longer be an
assistant presenter and/or no longer sharing content. Alter-
natively, the master presenter may remove the content being
shared by Tablet 1 from the layout. Either way, the content
from phone 1 may be moved manually or automatically.

Now referring to FIG. 5A and FIG. 5B for a description
of diagrams 500 and 550, which 1llustrate screen shots of
user interfaces during an online conference session, accord-
ing to an example embodiment. Each of diagrams 500 and
550 1llustrates user interfaces of a master presenter endpoint
502 and a viewer endpoint 306 during different portions of
an online conference session. Additionally diagram 500
includes an assistant presenter endpoint 504 while diagram
550 includes a viewer endpoint 552.

First referring to FIG. 5A, at 510, three assistant present-
ers (Phone 1, Phone 2, and Tablet 1) are simultaneously
sharing content (although only one assistant presenter 1s
illustrated). Consequently, the master presenter endpoint
504 includes three windows, each displaying content from
one ol the assistant presenters. The viewer endpoint 506
displays the same layout; however, since the viewer end-
point 5306 cannot manipulate the content windows 1n any
manner, the viewer endpoint 506 displays the shared content
from the assistant presenters without any controls, such as
control panel 512 and participant list 513. The control panel
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512 includes various controls to allow the master presenter
to mput commands regarding the layout of the shared
content (e.g., resize, move, reorient, etc.) while the partici-
pant list 513 allows the master presenter to input commands
regarding which participants should be determined to be
assistant presenters. In this particular embodiment, the con-
trols 512 include tools for moving, resizing, and rotating
shared content while the participant list 313 includes 1cons
to the left of assistant participants (AP1, AP2, and AP3) and
check marks to the right of those participants that are
currently sharing content (AP1, AP2, and AP3). Moreover,
in this embodiment, the controls 512 are included along a
first edge of the user interface and the participant list 513 1s
included 1n the top rnight of the display. In other embodi-
ments, the controls 512 and participant list 513 may each be
individually movable (e.g., drag-and-drop) and may simply
sit atop of the adjustable content layout.

In order to ensure the user interfaces provide clear indi-
cations ol a participant’s current role, each user interface
may provide an indication of the user’s role. For example,
master presenter endpoint 504 includes an indicator 514 that
provides “You are mediating the joint sharing” while the
viewing endpoint 506 includes an indicator 518 that pro-
vides “You are viewing the joint sharing.” By comparison,
the assistant presenter endpoint 504 only displays the con-
tent that the assistant presenter 1s sharing (in this 1nstance,
the content displayed on Tablet 1) and indicator 516 either
provides “You are sharing as an assistant™ (as seen at 510)
or “You are an assistant presenter, you are standing by” (as
seen at 520).

At 520, the content displayed on the assistant presenter
endpoint 504 (Table 1 Content) 1s removed from the sharing
layout (either automatically or in response to commands
input at the master user mterface). Consequently, the indi-
cator 516 now provides “You are an assistant presenter, you
are standing by.” In other words, the assistant presenter
endpoint 504 has not been removed from the list of assistant
presenters or otherwise relieved of this role; instead, the
content displayed at the assistant presenter endpoint 504 1s
simply not being shared at this moment and the assistant
presenter endpoint 304 can be considered a passive or
stand-by presenter. Accordingly, the checkmark that was
included in participant list 513 next to AP3 no longer
appears. If instead, the master presenter wanted to relieve
assistant presenter endpoint 504 of 1ts role as an assistant
presenter, the master presenter could click the icon on the
lett of AP3. If removed from its role as an assistant presenter,
the endpoint 504 would need to request to become a pre-
senter again or accept a new request from the master
presenter. By comparison, the master presenter may toggle
presenters between active and passive 1 order to turn
sharing on or ofl at any time. In other words, passive
assistant presenters are essentially on mute. In fact, in some
embodiments, an assistant presenter may designate them-
selves as passive 1 order to pause their screen sharing.

Now referring to FIG. SB, at 560, a viewer endpoint 552
1s 1nvited to transition to a role as an assistant presenter. In
this embodiment, the master presenter simply clicks a box or
icon 554 adjacent the viewer’s name in the participant list
513. This sends a command to the server to 1nvite viewer
endpoint 352 to act as an assistant participant, which in turn,
causes the server to issue a prompt 556 to the viewer
endpoint 352 to determine 1f the viewer endpoint 552 wishes
to become an assistant presenter. Notably, during this pro-
cess, the indicator 358 at the viewer endpoint provides “You
are viewing the joint sharing” until the viewer makes a
selection on the prompt 5356. Additionally, during this pro-
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cess, other viewing endpoints, such as viewing endpoint
506, will continue to display shared content without inter-
ruption.

At 570, the user interfaces 1llustrate the displayed content
on cach endpoint subsequent to the viewer endpoint 552
accepting the ofler to become an assistant presenter. Con-
sequently, viewer endpoint 506 and master presenter end-
point 502 now include content from viewer endpoint 552
(Desktop 1 Content), a check appears next to Viewerl in the
participant list 513, and indicator 558 now provides “You are
sharing screen as an assistant.” In this embodiment, the
content from endpoint 5352 1s sized, oriented, and located 1n
the same manner that the content from assistant presenter
516 had been displayed. In some embodiments, new content
may automatically be arranged in the same manner as
recently removed content in order to facilitate easy and
eflicient transitions. However, in other embodiments, the
content from endpoint 552 could be sized, oriented, and
located 1n any desirable manner.

Still referring to FIGS. SA and 5B, 1n some embodiments,
a participant (e.g., a viewer) may request to share content, as
opposed to being requested to share (as shown at 560). In
different embodiments, there may be different procedures
for requesting to share content. For example, depending on
whether other participants are currently sharing content, a
participant may be able to request to become the master
presenter or another assistant presenter. Regardless, 1n some
embodiments, once a request 1s submitted, the request may
be automatically approved and content from the requesting
participant may be shared. However, in other embodiments,
a master presenter may be given an opportunity to review the
request. Upon review, the master presenter may authorize
the requesting participant to become an assistant presenter
or, alternatively, the master presenter may pass the master
presenter designation to the requesting participant. How-
ever, 1n some embodiments, becoming the master presenter
may not enable the requesting participant to share content
(c.g., those embodiments where the master presenter 1s a
coordinator and cannot share content). In these embodi-
ments, if another participant 1s already sharing, a requesting,
participant may only request to become an assistant pre-
senter to share content (as the master presenter cannot
present simultaneously to another endpoint 1n these embodi-
ments).

As participants switch the master presenter, move
between roles as standby presenters and active presenters
(c.g., presenters sharing content), and otherwise move
between diflerent roles provided by the techniques presented
herein, there are multiple indicators to clarity what role a
user 1s currently in and what content 1s being shared.
Inmitially, each user interface includes an indicator (e.g.,
indicators 514, 516, 518, and 538) that provides a descrip-
tion of the role that a participant is currently in (e.g., you are
sharing, viewing, standing-by, etc.). Moreover, 1 some
embodiments, a role name may be placed in a predetermined
portion, such as a corner, of each user interface and shared
window. For example, the top-left corner of each user
interface may include one of the following designations: MP
(Master presenter); AP1, AP2 . . . APX (assistant presenter
1,2...X)or Viewer 1, 2 ... X. The shared windows seen
on the master user 1interface and the displays of any viewer
may also include these designations. Moreover, shared con-
tent from a particular endpoint may be surrounded with a
border 1n order to provide clear delineation between content
from different endpoints. Still further, 1n most embodiments,
there 1s only one master presenter at any one time. Since the
master user interface includes wvarious controls, and the
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assistant presenter interface presents a single screen, a
participant will be able to easily determine their role based
on the presence of controls (master presenter) or a lack of
multiple windows (assistant presenter).

Now referring to FIG. 6 for a description of a sequence
chart 600 1illustrating a sequence for adding content and
mampulating the content from the perspective of the master
presenter. Initially, at step 602, the master presenter clicks on
AP1 (Assistant Presenter 1) 1n a participant list 1n order to
request AP1 to share content. This generates a command that
1s sent to the meeting server. In response to receiving the
command, the meeting server requests the AP1 to share at
604. At 606, the AP1 accepts the request and, at 608, AP1
begins sharing content. At 610, a joint sharing builfer (e.g.,
the layout) 1s updated to include content shared from AP1.
The updated joint sharing bufler 1s transmitted to viewers at
612 and to the master presenter at 614. Consequently, the
content displayed for viewers 1s updated at 616 and the
content displayed for the master presenter 1s updated at 618.
Up to this point, any steps in the sequence have been
automatically processed. For example, the content from AP1
was automatically added to the layout. Subsequently, the
master presenter can adjust the layout, thereby manually
adjusting the layout of the displayed shared content.

In the particular embodiment depicted in FIG. 6, the
master presenter 1s operating directly on the assistant pre-
senter’s endpoint 1n order to adjust the content displayed via
sharing. Consequently, at step 620, the master presenter
remotely accesses the content being shared from AP2’s
endpoint and scrolls half way up the screen. Since this
command 1s routed through meeting server, the scroll is
initially transmitted to the meeting server at 620. Then, the
meeting server transmits the command to AP2 at 622,
causing the endpoint to scroll accordingly at 624. At 626, the
scrolling content 1s shared with the meeting server, which
updates the joint sharing bufler (the alforementioned virtual
bufler) accordingly at 628. The updated joint sharing builer
1s transmitted to viewers at 630 and to the master presenter
at 634. Consequently, the content displayed for viewers 1s
updated at 632 and the content displayed for the master
presenter 1s updated at 636.

There are several advantages to the techniques presented
herein. As one example, the techniques presented herein
allow content to be easily and efliciently simultaneously
shared from multiple endpoints. As a more specific example,
the techniques presented herein support both automatic,
adaptive layouts and manual layouts setting, thereby easing
the burden on the coordinator to continuously reorient and
resize shared content while also allowing for any size and
orientation corrections or adjustments. These techniques
also provide added security and control by allowing one
participant to control which participants can share content
and which content 1s shared. As another example, since the
techniques provided herein are implemented at a server, the
shared content 1s broadcast 1n a single data flow, thereby
reducing computing bottlenecks that cause unwanted inter-
ruptions during online conferences.

To summarize, 1n one form, a method 1s provided com-
prising: at a server having network connectivity, identifying
a master presenter at an endpoint among a plurality of
endpoints participating in an online conference session 1n
which at least one of the plurality of endpoints i1s sharing
content with other participants among the plurality of par-
ticipants at their respective endpoints; determining one or
more assistant presenters among the plurality of participants
at their respective endpoints; generating a master user inter-
face to serve as the user interface on the endpoint of the
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master presenter; and receiving, via the master user inter-
face, a command to designate a layout that aggregates shared
content from the endpoints of one or more of the assistant
presenters to make the layout viewable at the plurality of
endpoints.

In another form, an apparatus 1s provided comprising: a
network interface unit configured to enable network con-
nectivity; and a processor coupled to the network interface
unit and configured to: identify a master presenter at an
endpoint among a plurality of endpoints participating in an
online conference session 1 which at least one of the
plurality of endpoints 1s sharing content with other partici-
pants among the plurality of participants at their respective
endpoints; determine one or more assistant presenters
among the plurality of participants at their respective end-
points; generate a master user interface to serve as the user
interface on the endpoint of the master presenter; and
receive, via the master user interface, a command to desig-
nate a layout that aggregates shared content from the end-
points of one or more of the assistant presenters to make the
layout viewable at the plurality of endpoints.

In yet another form, a non-transitory computer-readable
storage media 1s provided encoded with software comprising
computer executable 1nstructions and when the software 1s
executed operable to: identily a master presenter at an
endpoint among a plurality of endpoints participating in an
online conference session 1n which at least one of the
plurality of endpoints 1s sharing content with other partici-
pants among the plurality of participants at their respective
endpoints; determine one or more assistant presenters
among the plurality of participants at their respective end-
points; generate a master user interface to serve as the user
interface on the endpoint of the master presenter; and
receive, via the master user interface, a command to desig-
nate a layout that aggregates shared content from the end-
points of one or more of the assistant presenters to make the
layout viewable at the plurality of endpoints.

The above description 1s mtended by way of example
only. Although the techniques are 1llustrated and described
herein as embodied 1n one or more specific examples, 1t 1s
nevertheless not intended to be limited to the details shown,
since various modifications and structural changes may be
made within the scope and range of equivalents of the
claims.

What 1s claimed 1s:

1. A method comprising:

at a server having network connectivity, identilying a
master presenter at an endpoint among a plurality of
endpoints participating in an online conference session
in which at least one of the plurality of endpoints is
sharing content with other participants among a plu-
rality of participants at their respective endpoints;

generating a master user interface to serve as a user
interface on the endpoint of the master presenter;

automatically determining one or more assistant present-
ers among the plurality of participants at their respec-
tive endpoints based on mput received via the master
user mterface of the endpoint of the master presenter;

receiving, via the master user mterface, a command from
the master presenter that designates a customized lay-
out selected by the master presenter that aggregates
shared content from one or more endpoints of the one
Oor more assistant presenters;

automatically arranging the shared content 1n the custom-
1zed layout;
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automatically transmitting the shared content in the cus-
tomized layout to each non-presenting endpoint among
the plurality of endpoints 1n a single data stream; and
enabling the master presenter to operate directly on a
particular endpoint of the one or more endpoints of the
one or more assistant presenters via the master user
interface so that the master presenter can adjust the
shared content from a particular assistant presenter.
2. The method of claim 1, further comprising:
automatically updating the customized layout to remove
content from the endpoint of the one or more assistant
presenters no longer participating in the online confer-
ence session or no longer determined to be one of the
one or more assistant presenters.
3. The method of claim 1, further comprising;:
indicating, in a participant list, each participant that 1s
associated with an endpoint that 1s determined to be an
assistant presenter.
4. The method of claim 1, further comprising:
recerving, via the master user interface of the endpoint of
the master presenter, a command for a size, a shape, and
a location of the shared content from each of the one or
more assistant presenters.
5. The method of claim 1, further comprising:
recerving, via the master user interface of the endpoint of
the master presenter, a command to restrict at least one
of: an amount of shared content shown on a virtual
screen and a number of assistant presenters that may
share content on the virtual screen.
6. The method of claim 1, further comprising;:
1dent1fylng a new master presenter at a new endpoint that
1s different from the endpoint; and
transierring the master user interface from the endpoint to
the new endpoint.
7. The method of claim 1, wherein the enabling further
COmprises:
ecnabling the master presenter to communicate privately
with the particular assistant presenter.
8. An apparatus comprising:
a network interface unit configured to enable network
connectivity; and
a hardware processor coupled to the network interface
unit and configured to:
identily a master presenter at an endpoint among a
plurality of endpoints participating 1n an online con-
ference session 1n which at least one of the plurality
of endpoints 1s sharing content with other partici-
pants among a plurality of participants at their
respective endpoints;
generate a master user interface to serve as a user
interface on the endpoint of the master presenter;
automatically determine one or more assistant present-
ers among the plurality of participants at their
respective endpoints based on input received via the
master user intertace of the endpoint of the master
presenter;
recelve, via the master user interface, a command from
the master presenter that designates a customized
layout selected by the master presenter that aggre-
gates shared content from one or more endpoints of
the one or more assistant presenters;
automatically arrange the shared content 1n the custom-
1zed layout;
automatically transmit the shared content 1n the cus-
tomized layout to each non-presenting endpoint
among the plurality of endpoints in a single data
stream
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ecnable the master presenter to operate directly on a
particular endpoint of the one or more endpoints of
the one or more assistant presenters via the master
user interface so that the master presenter can adjust
the shared content from a particular assistant pre-
senter.

9. The apparatus of claim 8, wherein the processor 1s

turther configured to:

automatically update the customized layout to remove
content from the endpoint of the one or more assistant
presenters no longer participating in the online confer-
ence session or no longer determined to be one of the
one or more assistant presenters.

10. The apparatus of claim 8, wherein the processor is

turther configured to:
indicate, 1 a participant list, each participant that 1s
associated with an endpoint that 1s determined to be an
assistant presenter.

11. The apparatus of claim 8, wherein the processor 1s
turther configured to:

receive, via the master user interface of the endpoint of

the master presenter, a command for a size, a shape, and
a location of the shared content from each of the one or
more assistant presenters.

12. The apparatus of claim 8, wherein the processor 1s
turther configured to:

receive, via the master user interface of the endpoint of

the master presenter, a command to restrict at least one
of: an amount of shared content shown on a virtual
screen and a number of assistant presenters that may
share content on the virtual screen.

13. The apparatus of claim 8, wherein the processor is
turther configured to:

identily a new master presenter at a new endpoint that 1s

different from the endpoint; and

transfer the master user interface from the endpoint to the

new endpoint.

14. The apparatus of claim 8, wherein mn enabling the
master presenter to operate directly on the particular end-
point of the particular assistant presenter via the master user
interface to enable, the processor 1s further configured to:

cnable the master presenter to communicate privately

with the particular assistant presenter.

15. A non-transitory computer-readable storage media
encoded with software comprising computer executable
instructions and when the software 1s executed operable to:

identily a master presenter at an endpoint among a

plurality of endpoints participating 1n an online con-
ference session 1n which at least one of the plurality of
endpoints 1s sharing content with other participants
among a plurality of participants at their respective
endpoints;
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generate a master user interface to serve as a user interface
on the endpoint of the master presenter;

automatically determine one or more assistant presenters
among the plurality of participants at their respective
endpoints based on mput received via the master user
intertace of the endpoint of the master presenter;

receive, via the master user interface, a command from
the master presenter that designates a customized lay-

out selected by the master presenter that aggregates
shared content from one or more endpoints of the one

or more assistant presenters;

automatically arrange the shared content 1n the custom-

1zed layout;

automatically transmit the shared content 1n the custom-

1zed layout to each non-presenting endpoint among the
plurality of endpoints 1n a single data stream; and

ecnable the master presenter to operate directly on a

particular endpoint of the one or more endpoints of the
one or more assistant presenters via the master user
interface so that the master presenter can adjust the
shared content from a particular assistant presenter.

16. The non-transitory computer-readable storage media
of claim 15, fturther comprising instructions operable to:

automatically update the customized layout to remove

content from the endpoint of the one or more assistant
presenters no longer participating in the online confer-
ence session or no longer determined to be one of the
one or more assistant presenters.

17. The non-transitory computer-readable storage media
of claim 15, further comprising instructions operable to:

indicate, 1 a participant list, each participant that 1s

associated with an endpoint that 1s determined to be an
assistant presenter.

18. The non-transitory computer-readable storage media
of claim 15, further comprising instructions operable to:

receive, via the master user interface of the endpoint of

the master presenter, a command for a size, a shape, and
a location of the shared content from each of the one or
more assistant presenters.

19. The non-transitory computer-readable storage media
of claim 15, turther comprising instructions operable to:

identify a new master presenter at a new endpoint that 1s

different from the endpoint; and

transier the master user mterface from the endpoint to the

new endpoint.

20. The non-transitory computer-readable storage media
of claim 15, wherein the instructions enabling the master
presenter to operate directly on the particular endpoint of the
particular assistant presenter via the master user interface
further comprise instructions operable to:

cnable the master presenter to communicate privately

with the particular assistant presenter.
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